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ADVANCE CONFIDENTIAL REPORT

SUPERCEARGED-ENGINE - KNOCK TESTS OF MEPHYL tert-BUTYL ETHER

By Henry C. Barnett and James W. Slough, Jr.

SUMMARY

Data that show the knock-~ limited perfomancé of methyl tert-
butyl ether were obtained from tasts made in a 17. 6-cubic-inch-
dieplacement engine under supercharged conditiona. The perform-
ance of pure methyl tert-butyl ether was compared wlth that of
B-2 reference fuel. Tests for temperature sensitivity, speed sen-
sitlvlity, and lead susceptibllity were made on a blend of 20 per-
cent methyl tert-butyl ether and.80 percent 8-2 reference fuel.

At the only conditions under which pure meth,yl tert-butyl
ether was examined, the ether produced knock-limited “indicated
mean effectlve pressures 87 and 90 percent greater than those of
8-2 reference fuel at fuel-air ratios .of 0.100 and 0.075, respec-
tively. . )

INTRODUCTION

Testes at various laboratories ha.ve shown that methyl tert-
butyl ether has an exceptionally high antiknock value. Its use in
aviation fuels, however, .would be as & blending agent and as such
could be oconsidered as a substitute for isopentane

The data presented in this report are for the purpose of
extending the information on the antiknock characteristics of methyl
tert-butyl ether. Knock-limited performance tests were conducted
at the Alrcraft Engine Regearch Laboratory of the NACA on blends
of methyl tert-butyl ether and 8-2 reference fuel in a supercharged
17.6 englne at two éngine speeds and two inlet-alr temperatures.
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TEST CONDITIONS AND APPARATUS

Test conditions. =~ Thp tests were run at the following engine
conditlons:

Speed, YPM . . « o s s s e e e s s s e e s e e s . a . 1800, 2700
Compression ratlo . . . . Y Y )
Inlet-coolant temperature, 6F e s e « s e s s e s s s s e . 250
Inlet-air tempereture, °F . . . . . . ¢+ ¢ o « « « . . 150, 250
Spark advance, deg@ B.TeC. ¢ « ¢ o+ o o o ¢ s s ¢ s ¢ s » o o 33

Apparatus. - The engine used for these tests is a single-
cylinder test engine. The atroke 1s 31 inches, the bore 1s

25 inches, and the displacement is 17. 6 ‘inches.

1. An eluminum piston was made in order to obtaln a compression
ratio of 7.0. This piston was not sodulm-cooled.

2. An AFD 3-C injection elbow was installed on the englne,
Fuel was Injeoted into the elbow parallel to the flow of alr,
Schematlic diagrams of the fuel-injection asystem and the inlet-alr
gystem are shown in figures 1 and 2, respectively.

3. The engine was coupled to & 30-horsepower dynamometer.

4., Enock was detected by & cathode-rey oscilloscope and an elec-
tromagnetic plckup.

Three types of spark plug were used in tests on pure methyl tert-
butyl ether. It was impossible to obtaln a knock curve wlth a
Champion C348 or a Champlon RJ-2 sperk plug. In both caBes prelg-
nition and afterfiring occurred before knock was obtalned. A hot
spot developed with the RJ-2 spark plug, and the engine fired stead-
11y for about 3 minutes with the ignltion swltch off. In this par-
ticular case the englne showed no tendency to "run away" when the
power was raised or lowered by changing the alr flow to the engine.

A Champlon RJ-24 spark plug was lnstalled and no preignition or
afterfiring occurred.

TEST RESULTS

Data for 8-2 reference fuel, methyl tert-butyl ether, and a
blend of 20 percent ether plus B0 percent 8-2 reference fuel are
presented in figure 3. At a fuel-air ratio of 0.075, the 20-percent
blend produced epproximately 16 percent more knock-limited power
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than 8-2. Pure me'bhyl tert-'butyl ether produced 90 percent more
knock-limited power than 8-2 at ths same fuel-air ratioc. At a
fuel-air ratio of 0.100, ‘the 20-percent blend increased the knock-
limited power by 31 peroent and the pure ether, by 87 percent.

The knock-limited power expressed as percentage of S-2 is presonted .

for the 20-percent blend and for methyl tert-butyl ether in
table I.

The indicated specific fuel consumption for the 20-percent
blend wae the same as that of 8-2 reference fuel; the fuel ‘con- -
sumption of the pure methyl tert-butyl ether was, however, very
"diffoerent. The fuel-constmption curve for the other crossed the
curve for S-2 at approximately 0.085 fuel-air ratio. (See fig. 3.)
At fucl-alr ratlios above 0.083, methyl tort-butyl other had g
lower fuel consumption than 8-2; therefors, at rich mixtures the
othor has the two advantages of increasing the knock-1limlited
powor and decreasing fuel consumption. For example, at a fuel-
ailr ratio of 0.100, methyl iert-butyl ether produced 87 percent
more knock-limited power than S-2 and had a fuel consumption
6 percent lower.

The effect of inlet-alr temperature on the knock-limited
performance of the 20-psrcent dblend 1s shown in figure 4. At
a fuel-alr ratio of 0.070, the knock-limited power increase was
41 percent for a 100° F decraase in temperature, at a fuel-alr
ratio of 0,100, the knock-limited power increase was 29 percent for
a 100° F decrease in temperature.

It has been noticed at this laboratory that the indicated
specific fuel consumption tends to lnorease for lean mixtures as
the inlet-air tempereture is reised in both the 17.6-cubic-inch-
displacement engine and the CFR test engine. In figure 4 this
change 1s about 7 percent et a fuel-alr ratio of 0.070. The
data shown 1n the ocurves of figure 4 were obtalned on the same
day.

Changes in englne speed affected the indicated-mean-effective-
pressuré ourve of the 20-percent blend of methyl tert-butyl ether
only at very lean and very rich mixtures. (8ee fig. 5.) The
high fuel consumption at 1800 rpm may have been caused by low
combustion efficlency. Engine operation at this speed wus decid-
edly lrregular, . ]
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The 1ead response of the 20-percent blond to 2.0 milliliters of
tetraethyl lead is shcwn in figure 6. The maximum increase in knock-
limited power was obtalned between fuel-air ratlos of 0.070.and
0.075. This increase was about 52 percent. The minimum increass
In power was about 42 percent at a Tuel-air ratio of 0.100,

SUMMARY OF RESULTS

Results of knock-limited performance tests oh methyl tert-
butyl ether, pure and blended, In a supercharged 17.6 englne may be
sumarized as fcllows:

1. Methyl tert-butyl ether has high rich- and lean-mixture- per-
formance from antiknock considerations. At a fuel-alr ratio of 0,100
methyl tert-butyl ether lncreased the knock-limited indicated mean
effective pressure 87 percent over that of S-2 reference fuel at an
engine speed of 2700 rpm and an inlet-air temperature of 150° F and
90 percent over that of 8-2 at a fuel-alr ratio of 0,075.

2. A blend of 20 percent methyl tert-butyl ether and 80 per-
cont S-2 reference fuel increased the knock-limited indicated mean -
effective pressures by 31 and 16 percent over that of 8-2 at fuel-
air ratios of 0.100 and 0.065, respectively, at the conditlons

glven in paragraph 1.

3. At fuel-alr ratlos groater than 0.083, the indicated
specific fuel consumption of methyl jgthbutyl ether was lower than
that of 8-2 reference fuel., A 20-percent blend of methyl tert-
butyl ether with 8-2 showed the same indlcated specific fuel con-
sumption as 8-2 at all fuelw-alr ratios tested. These data are from
knock-limited curves, which may not agree with data at constant
manifold pressure.

4, For the 20-percen$ blend, a decrease of inlet-air tempera-
ture from 250° ¥ to 150° F increased the knock-limited indicated mean
effective preassures 29 and 43 percent at fuel-aelr ratios of 0.100
and 0.065, respectively.

5. Increasling the engine speed from 1800 rpm to 2700 rpm
increased the knock-limited ipdicated mean eff'ective pressure at
fuel-alr ratios lower than 0,075 and higher than 0.08S.
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6. The 20-percent blend had high lead response. Ior a 2.0 ml
addition of tetraethyl lead per gallon, the knock-limited indlicated
mean effectlive pressures were increased by 42 and 52 percent at
fuel-air ratios of 0,100 and 0.065, respectively,

Aircraft Engine Research ILaboratory,
Rational Advisory Commlittee for Aesronautics,
Cleveland, Ohlo.
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TABILE I - KNOCK-LITMITED PERFORMANCE OF METHYL tert-BUTYL ETHER
EXPRESSED AS PERCENTAGE OF INDICATED MEAN EFFECTIVE
PRESSURE OBTAINED WITH S-2 REFERENCE FUEL
EJ.G engine; compression ratio, 7.0; inlet-alr temperature,
i50° F; inlet-coolant temperature, 250° F; spark advance,

33 B.T.C.; engine speed, 2700 rpm]

Fuel-alr ratio | 20 percent methyl |{Methyl tert-
tert-butyl ether |butyl etler
and 80 percent S-2

0.060 118 = |ecmscooa—a=-

.065 1186 2= |-emmcmcee=--

,070 116 = | =mecccceee-=
075 116 190
.080 119 183
.085 121 173
.090 123 170
.095 128 176
.100 131 187
104 133 211

National Advisory Committee
for Asronautics
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